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Abstract

A finite element program is presented which computes
displacements, strains, and stresses in wood members of
arbitrary shape which are subjected to plane strain/stress-
loading conditions. This report extends a program
developed by R. L. Taylor in 1977, by adding both the cubic
isoparametric finite element and the capability to analyze
nonisotropic materials. The computer subroutines developed
by the author are listed in this report, along with both the
details for incorporating them into Taylor’'s program and the
required user instructions.

Keywords: Finite element analysis, computer program,
isoparametric elements, stress analysis, orthotropic
materials, anisotropic materials, plane loading, design, cubic
finite element, quadratic finite element.
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Introduction Program Development

The finite element (FE) computer program written by the
author and presented in this report was developed as part
of a cooperative research effort involving the National
Wooden Pallet and Container Association (NWPCA),
Virginia Polytechnic Institute gnd State University (VPI&SU),

——and-the tHSDA Forest Sarvice JThis research is designed to

establish rational engineering design procedures for wood
pallets. The author's role in this endeavor is to determine
the stiffness and strength of notched stringer members of
pallets as functions of notch geometry, material properties,
and loading conditions. As part of this effort, the author
developed the FE program described in this paper to
compute displacements and stresses in wood members of
any geometrical shape which are under arbitrary plane
stress or strain-loading conditions. This computer program
is to be applied to the notched-stringer problem. Details of
the program development, user instructions, and program
listing are presented in this report. The program was
verified by a comparison of FE predictions of displacements
and strains in center-loaded, double-tapered wood beams
with data available in the literature (#).2 This comparison is
presented in another paper.&—

The developed subroutines are listed in the appendix,
however no other support is offered.

* Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.

* [talicized numbers in parentheses refer to Hterature cited at end of report.
* Gerhardt, T. D. On finite element modeiing of tapered wood beams. In
preperation. U.S. Dep. Agric. Forest Ser., For. Prod. Lab., Madison, Wis.

The decision to develop an FE program rather than
purchase one of the many multipurpose programs available
was based on several factors:

(1) The existence of subroutines in the literature to form
the basis of a general-purpose FE program,

(2) The belief that a developed program could be more
readily expanded for future research needs, and

{3) The desire to include the cubic isoparametric element
in the program.

An FE computer program developed by Taylor (6) was used
as a starting point. Taylor's program can input data for
one-, two-, or three-dimensional structures. It is written in a
modular form: Adding a new element requires writing a
single subroutine. This fiexibility is quite appealing to the
researcher because the added element, whether a three-
dimensional solid element or even a fluid or heat-transfer
element, utilizes existing (and debugged) code for data
input, matrix assembly, matrix inversion, etc. The program
has a macro instruction language that allows a variable
aigorithm capability. Aiso, storage requirements are
dynamically assigned for each problem and stored in a
single array. In this manner, available computer memory is
used efficiently for any type of problem. Finally, the
following isoparametric plane elements are available:
triangular, linear quadrilateral, quadratic serendipity and
Lagrangian quadrilateral elements. A much more detailed
description of the Taylor FE program is given in (7).
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The program presented here adds to the Taylor program
the capability to analyze nonisotropic materials and the
cubic quadrilateral isoparametric plane element. The former
addition makes analysis of wood- or composite-based
structures possible by providing proper formulation for
elements with orthotropic and anisotropic (wood with slope
of grain) elastic properties. The cubic element can be easily
collapsed to provide an accurate, fully compatible fracture
mechanics element (5). Although the cubic element is not
included in commercially available FE programs, some
researchers have used the cubic element to modei certain
regions in notch problems (1,2).

User Instructions

To properly input data for an FE run, first review Taylor's
(6) instructions in section 24.3, pages 690 to 695. These
instructions need to be modified only minimally, with the
exception of inputting the material property data. The
following comments will consider both material property
input and use of the cubic isoparametric element.

Inputting Material Property Data.

Four cards are now required for each material in the
structure instead of the three required by Taylor (6). The
first two cards are identical to Taylor's. The first card
indicates that material property data follows, and the
second card inputs the material set number and the element
type (IEL). IEL should be input as 1 for any of the plane
stress/strain elements. Card 3 is in a 415,F10.0 format as
follows:

Columns Variable
1-5 MATYPE
6-10 !

11-15 L
16-20 K
21-30 ANGLE

MATYPE is the material-type variable and has the following
values:
1 for isotropic materials.
2 for materials orthotropic in the global x-y piane.
3 for materials orthotropic in a local 1-2 plane (see fig. 1).
4 for anisotropic materials.

I is the plane loading variable and has the following values:
= 0 for plane strain loading.
# 0 for plane stress loading.

L is the order of Gaussian quadrature specified for stiffness
matrix determination (L x L points/element).

K is the order of Gaussian quadrature specified for stress
determination (K x K points/element).

ANGLE is the counterclockwise orientation of 1.2 local
coordinates from global x-y coordinates (only used when
MATYPE = 3); ¢ in figure 1.

The recommended order of Gaussian quadrature (7)is L =
K = 3 for the cubic 12-node element, L =~ K =~ 2 for the
quadratic 8-node element, and L = K = 1 for both the
linear 4-node and triangular 3-node elements.

Figure 1.—Principal material axes. (M151918)

The fourth card is in an 8F10.0 format. The form of the
fourth card depends on the vailue of MATYPE specified on
the third card:

MATYPE = 1
Columns Variable
1-10 D(4)
11.20 E
21-30 v
MATYPE = 2
Columns Variable
1-10 D(4)
11-20 g,
21-30 Py
31-40 E,
41-50 G,
51-60°¢ E,*
61-70* vyt
71-80° re'
MATYPE = 3
Columns Variable
1-10 D(4)
11-20 E,
21-30 Vo
31-40 E,
41-50 G,.
51-60* E,*
61.70* Pig*
71-80° vos"
MATYPE = 4
Columns Variable
1-10 D(4)
11-20 D,,
21-30 D,,
31-40 Dy
41.50 D,
51.60 D,
61-70 Dy

D(4) is material density—not needed for static analysis.
E is modulus of elasticity.
G is the shear modulus.

v is Poisson's ratio.
D, are componets of the symmetric **‘Moduli of Elasticity”
matrix for an anisotropic material. These components are
defined in (3).

¢ (*) indicates that these properties are only required for piane strain analysis

(=9
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Specifiying 12-Node Cubic Isoparametric Element
The following steps are needed to specify the 12-node cubic
isoparametric element:
(1) 'n the control card set NEN = 12,
(2) When inputting element data (ELEM) use the local
node numbering sequence shown in figure 2.

The cubic element can be degenerated to either quadratic
or linear displacement fields on any desired side by
specifying IX = 0 for one or two of the side nodes. This
capability is useful when the structure is to be modeled by
more than one type of element. For example, it may be
desirable to model regions in areas of suspected stress
concentrations with cubic elements and the remainder of
the structure with quadratic or linear elements.

implementation of Program and Listing

The details required for incorporating the developed
program into Taylor's program (6) are described in this
section.

Deletions
Delete statements 31-36 in subroutine SHAP2 in (6). This
eliminates the nine-node Lagrangian element.

Additions
Add subroutines ELPROP, SHAP3, TRANSF, and BTREB
in the appendix to the program in (6).

Add the foliowing ‘Common’ statement to subroutine
PMESH in (6}:

COMMON / WRITE / PRT

Add the following ‘Implicit’ statement to all subroutines in
(6) it double precision computations are desired:

IMPLICIT DOUBLE PRECISION (A-H,0-2)

Substitutions
Substitute subroutine ELMTO1 in the appendix for
subroutine ELMTO1 in (6).

Substitute the two statements that follow for statement 18
in subroutine SHAPE in (6):

120 IF(NEL.GT.4.AND.NEL.LE.8) CALL SHAP2
(SS.TT.SHP,IX,NEL)

IF(NEL.GT.8) CALL SHAPSS,TT,SHP,IX)

. oo e e

(-1,1) (1)
4 Y 7 3

8 7L /10

/2 € 46
/I 5 9 2

/-/l"/) (/o-//

(&, p) SPACE

Figure 2—The cubic isoparametric element (local
node numbering). (M151917)
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| Appendix

The subroutines which follow were written in ASCIl Fortran
Level 9R1 (Sperry Univac Series 1100). This language
allows IF-THEN-ELSE blocking statements. If the program
is to be used with a version of Fortran which does not
permit these statements, conventional IF statements must

be substituted.
Subroutine ELPROP
b | | Tald LT INE ELPRROR IR
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Subroutne SHAP3
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g 11l J=1.3

SHP(J. I = SHR(J,. 10 — OHETHD®(Z Q4SHPLJ,KK) + SHR(J.K

ELSE
po 121 I=1.
SHP(J. T =
EMD IF
ADJUST CORMNEF SHAFE FUNCTION FOF NODES ON THE CCW SIDE
IFCIRLLy JHE.Q.AND, I L JHE O THEN
Do o112 1=1.3
SHP(J. Y = 5
ELSE
DO 122 J=1.2
SHP(J. 1) = SHRuJ. 1" - Q.7 +3HF LY
EMD IF
K =1L
KK = LL
RETURN
END

4

HF J. T = BLUSHSHF T b

i

HP X, T = OHETHD* 2 D#SHP L. LY + SHROT.LL )
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Subroutine ELMTO1
SUBRCGUTINE ELNTOL/ DL UL SL, I, TL.S.PLNDF CHEHLHNST. IS0

T e i e e

s

e
X as

L W o }

FLAME ZTPEZS-STRRIN ELASTIC LLINERR ELEIELT =oUTIHE,

t

Cormmt ELDRTH

IMPLICIT DOUBLE PRECISION

DN CDATH

(H-H.0-C0

DITEHZ IO Do ULV HDR L b s L D b [0 1 o T

LSEHE S L D3 JETH Do

Gu TO CORRECT AFPWY FROCES=GR,

G- T 0.2 T S s TR

THFOT [WTER DL

el ELPPORP T
LItT = B
FETURH

Fe TitEH

Los Dz
TRl #LUHELTHT DL
THTAFE = Db
SOF EmlH ITHTES
Do =20 L o= 1.LIHT
Crhol ZmnFE T Ly JETHILY L
[ DET IR +LT Ly
Dl o= DSl
LiZ = DirgotD
F

PWTVRPELLELZY THEHW
T2 = LDy
L= Digay Dy

= DT
22 = D g A
= Do Sl

D33 = D18 DY
EHD I

FROFEFTIES,

LIRS LG L INT LT

EATION FOINT TOMPUTE
[

FOF EWCH HODE J COMPUTE DB = DB

DO 2z 3 = LLHEL

[F AOwWTWFE.LE. 2 THENM
PEBLIL = D11&SHPCL. T30
LB1Z2 = DMZ¥SHPrZ. I
DBZ1 = DIZ#SHPL. I
pe22 = tSHP (2, I
DB31 = DEZwSHPOZ. I
DB32 = D3Z24SHPY L. I

ELZE
IB11 = DIIwSHPCL, I
DE12 = DI2+SHRPIZ2. 1)
DE21 = DIZ4SHPr1. 1)
DB22 = D22*SHP(Z. T
DB31 = D33#SHP(2, 1)
DB32 = D3IZ#SHP (1, 1)

EHD IF
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+ 4+ +

D13kSHP (2, 1)
DIZ¥SHR(1,.J)
D23%SHP (2., 1)
D234SHP (1, 1)
D1345KHP (1, I
D23xSHP (2, 1)

FOR EACH NODE ' COMPUTE S = BT*DB
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P I I =T S I A SR = S R

TR LT

STIFFHESS

APR=EE EERN

COMTRIBUTION

DLHEAD Z00 CHUTHP L HUDEL LD T e HED L TRF
DRLHGSICT. FELLHEL
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L.CHFLDETJIAD CHDMUHEL . IH, LFALSE. Y
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IFUISWLED. 4 L o= Dr3y

IEVLALHELLIHT Y CALL PGAUSSIL.LINT. 1L ETA. LT

HATVRD = o 1

DO EDd L= 1LLINT
... CONFUTE ELENENT SHAPE FUNCTIONS
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Gerhardt, Terry D. Plane stress analysis of wood
members using isoparametric finite elements: A
computer program. USDA For. Serv. Gen. Tech. Rep.
FPL 35. Madison, WI: For. Prod. Lab.; 1983. 16 p.

A finite element program is presented for stress analysis of
wood members of arbitrary shape which are subjected to
plane strain/stress-loading conditions. This program extends
one which is available in the literature. User instructions and
a listing of the developed subroutines are presented.

Keywords: Finite element analysis, computer program,
isoparametric elements, stress analysis, orthotropic
materials, anisotropic materials, plane loading, design, cubic
finite element, quadratic finite element.
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